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Abstract 

In the framework of the theory of defects/three-dimensional gravi- 
tation, it is obtained a positive correction to the magnetic moment of 
the electron bound to a disclination in a dielectric solid. 
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The force between two neutral metallic parallel plates, the Casimir ef- 



electro dynamical vacuum. The plates change the topology of the space, 
thereby modifying the boundary conditions to which the quantized field is 
submitted, giving rise to a finite energy density in the space between them. 

Another textbook example of quantum electrodynamics is provided by 
the magnetic moment of the electron in empty space: 



Here, the correction to the Dirac value \x = is due to the coupling of 
the electron to the quantized electromagnetic field. Since the quantum field, 
even in its vacuum state, is sensitive to the boundary conditions (or geome- 
try/topology of space) one might ask what happens to the magnetic moment 
of an electron between metallic parallel plates, for example. The answer || is 
a substantial change in the correction to the Dirac value of [i. The correction 
now depends in the relevant parameters related to the boundary conditions. 

A topological defect, like a disclination for instance, changes the boundary 
conditions of the quantum field giving rise to a Casimir effect || just like the 
parallel plate case. Consequently, one should expect a anomalous magnetic 
moment for an electron in the neighborhood of such a defect. In this short 
note, using a result previously found for cosmic strings Q, it is found an 
explicit expression for the correction 5fi/fi to the magnetic moment of an 
electron bound to a disclination in a dielectric medium. 

Katanaev and Volovich |5j set up a powerful framework for the study 
of elastic media with defects based in three-dimensional gravity theory with 
torsion. In fact, they showed the equivalence between the elastic theory of 
defects in solids and three-dimensional gravity, allowing for a solid state in- 
terpretation of 3D gravity phenomena. The elastic medium is viewed as a 
Riemann-Cartan manifold endowed with a metric that contains the informa- 
tion on the defects. For example, an elastic medium with a disclination at 



feet is a well-known manifestation of the polarization of the quantum 
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the origin is described by 

ds 2 = dz 2 + dp 2 + p 2 a 2 dcp 2 , (2) 

where a is related to the wedge of dihedral angle A, inserted (or extracted) 
in the medium in the process of creating the disclination by, a = 1 + A/27T. 
This metric describes a manifold with singular curvature at the origin, but 
otherwise flat. Indeed, the curvature tensor is given by |J 

1 — nt 

R{ 2 2 =Rl = R 2 2 = 2n -5 2 (p), (3) 

a 

where 5 2 {p) is the two-dimensional delta function in flat space. It is clear 
that < a < 1 corresponds to a positive-curvature disclination and a > 1 to 
a negative-curvature disclination. a = 1, of course, describes the Euclidean 
medium (absence of disclinations). In previous articles we have explored 
this by investigating electronic properties of disclinated media |7|, § and the 
Casimir effect due to a disclination 

The metric (2) is just the space section of the cosmic string metric 

ds 2 = -c 2 dt 2 + dz 2 + dp 2 + p 2 a 2 dp 2 . (4) 

Here, a depends on the gravitational constant and on the mass density of the 
string. This remarkable coincidence allows one to take advantage of the large 
amount of literature on physical phenomena related to cosmic strings for 
a better understanding of disclinations in solids. 

Maki and Shiraishi 0] calculated the contribution to the anomalous mag- 
netic moment of the electron near a cosmic string to be 

6p (p 2 - l)e 2 h 
p 487r 2 m 2 p 2 c 3 ' 

where p — 1/a, e is the electron charge, m its mass, and p its distance to the 
string. In order to use this expression to study the anomalous moment of 
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the electron near a disclination, a reasonable estimate of p 2 is needed. This 
is found as follows. 

In our previous work we showed that electrons are likely to be bound 
to negative-curvature disclinations in dielectric media |l(| . The energy eigen- 
states being given by 

_m*e A K 2 (p) 1 h 2 k 2 

327r 2 h 2 e 2 (n + \ + p\l\) 2 + 2^*' () 

where m* is the electron effective mass, e is the dielectric constant of the 
medium, n, I and k are quantum numbers (n = 0, 1, 2, ...;/ = 0, ±1, ±2, 
and k a real number). n(p) is given by 



oo 



, pcoth(px) - coth(x) , 

K(p) = 2 / Z KJLJ rr-, —dx. 7 

' smh(x) 



o 



At low temperatures, a bound electron will be at the ground state which 
corresponds to n = I = k = 0. The corresponding eigenfunction is J7| 

Ro = Ce- f,f > 1 F 1 (p,l,Pp), (8) 

where C is a normalization constant, 

(3 2 = -2m*E/h 2 , (9) 

and 1^1(0, l,/3p) is the confluent hypergeometric function which, in this 
case |PH , is exactly 1. The mean value of the squared distance between 
the electron and the disclination, for the ground state, is then easily found 
to be 

< n 2 >= ^ LBE = J^_. (10) 

Equations (5), (6), (9) and (10) combined give 

dp (l-p 2 )K 2 (p)e e 



p ' 288n 4 h 3 c 3 e 2 



(11) 
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which is then the correction to the magnetic moment of the electron due to 
the disclination. Since < p < 1 the correction is positive, implying an 
enhancement of the magnetic moment in relation to the free electron value. 



This confirms an earlier suggestion |L2[ that negative-curvature disclinations 

encourage larger local moments. 
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